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AntnnP o e Y gtam and net drift venfi 0 ^' 10 " 
poirinffhe invention 

5 The prasent invention generally rale.es to en antenna system network arch«ectura end . 

for detects end conecfitg M in such e net** Mora particular the present 
mention raie.es .0 en aceve passed erre, entenn, system end e callbradon method for 
such a system. 

10 RarJ grnund o * the invention 

,„ some entenne systems with steerable beams e, di-ecaona, capabiiiaes, such as adve 
phased array radar antennas or acdve telecommunication base-station antennas, nu- 
merous antenna elements are arranged equidisteney in a piane whereby each element 
15 is adapted to emit and receive microwave signals. 

in those systems, typiealy a micrawave exciter end receive unit is provided for generat- 
ina and receiving a signal. The exciter and receive unit is connected to a branch l,ke 
—on nLArough which signs, era en*d and receded. The transm^o „ 
• neWork conneote .0 respect transn* and receive modules. TRM, compns,ng de*. 
ceil, contrateble phase shifters and amplifier steges through which the amplrtude and 
phase delay of signals can be contrailed. The transmit end receive modules era con- 
nected to the antenna elements. Typically, dipole elements may be used ae antenna 
elements. 

25 When signals are provided simultaneously to the pluraifty of elements, a plane wavefront 
parallel to the plane of the array is generated because of the in-phase interference of 
individual signals. When the phases of signa.s are incremented for each antenna ete- 
ment with regard to an adjacent element, a wavefront is propagating at a non-parallel 

30 angle with regard to the plane of the elements, which angle is dependent on the mere- 
mental phase delay. The elements may also be arranged at non-equidistant .ntervals, 
but then the individual delays are correspondingly controlled to provide a plane wave- 
front. By arranging a pluraltty of elements on a plane and controlling the emission 
regard to two directions, the resulting direction of the emKted beam and the sensrtrvrtyof 
35 the received signal may be controlled in three-dimensional space. 
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One disadvantage associated with known active antenna systems is the amount of 
hardware required. A phased array antenna may for instance have several thousand in- 
dividually controllable antenna elements. 

5 Moreover, it is important that all individual transmission paths are of the same or of 
known length to accomplish the desired beam-steering control over the desired band- 
width. 

An important characteristic of an antenna system with high sensitivity is the directional 
10 properties as expressed by the level of the side-lobes compared to the level of the mam 
lobe. 

For instance for airborne radar systems, such as Airborne Eariy Warning (AEW) sys- 
tems the side-lobes must be so well attenuated that unwanted ground and sea clutter 
15 can be efficiently suppressed. Low side-lobes are also required in order to suppress se- 
nate from other emitters in the neighbourhood such as signals from active hostile jam- 
ming The low sidelobe level specification necessitates a tight control of the amplitude 
and phase of each transmit / receive module, TRM. When transmitting, the amplitudes of 
all TRMs have identical settings, whereas amplitude tapering is applied in receive mode. 
20 In air-cooled systems, the phase and amplitude control must cope wKh the large tem- 
perature variations that may prevail. This particularly applies to air-borne radar systems. 
For instance the feed and receive network may be subject to thermal expansion/ con- 
traction, which alters the phase of individual signals. One example of AEW system has 
been shown in US^779097. 



25 
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Generally, antenna systems are complex systems with many components, which require 
accurate control. 

In a distributed transmission system, utilising microwave wave-guides, the transmit and 
receive modules account for a majority of the errors that are introduced. Careful design 
of these parts with respect to long-term stability of performance, supply voltages, mtemal 
heating and ambient temperature is necessary but often not sufficient Therefore, a need 
has arisen as to be able to calibrate antenna systems during operation. 

35 In figure 1 , a known antenna system has been shown. The system comprises an exciter 
( receiver unit ERU, a plurality of dipole antennas D1-Dk, respective couplers Q1-Qk 
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being arranged adjacent the respective dipole antennas, a feed and receive transmis- 
sion network (R) connecting the exciter / receiver unit and a plurality of T/R modules 
TRM1- TRMk, another feed network, AF, and a calibration network, C1 . 

5 The 1 - k antenna elements may be evenly dispersed over a rectangular plane in a pat- 
tern of rows and columns. 

In fig. 1 , a subset of the antenna elements, for instance D1 - Dk, corresponding to a first 
row (or column) has been shown for simplicity. It should be understood that typically 
10 many more elements would form the first row and that subsequent elements up to ele- 
ment Dkk would correspond to additional rows. 

The exciter / receiver unit, ERU, has a data bus XD, over which the exciter receiver unit 
controls the individual transmit and receive modules TRM for obtaining the desired di- 
15 rectional capabilities. 

Each respective T/R module has a feed AF that leads to an antenna element. The cali- 
bration network C constitutes a branch like structure with equally long distance to each 
respective coupler Q1 - Qk. Calibration signals are sent through a port X, of the ERU, 
20 returning through a selected transceive and receive module TRM and returning through 
the first feed network R back to the ERU over the transmission network, R. The phase 
and amplitude of the signal is compared to a fixed reference for a given path. This pro- 
cedure is completed for all transceive and receive modules, TRM. 

25 Prior art document US-5412414 shows a similar phased array radar system providing in- 
operation calibration. The radar system comprises an exciter, a receiver, a transmit / re- 
ceive transmission network, T/R modules and dipole elements. Respective directional 
calibration couplers are provided adjacent the dipole elements for transferring signals 
through these to / from a calibration network which is different from the transmit / receive 

30 network. By issuing transmitting calibration signals from the exciter and leading signals 
through the transmit / receive transmission network and through individual T/R modules 
to couplers adjacent selected dipole elements, and return through the calibration net- 
work, variations in the transmit / receive network and associated components can be 
analysed. Likewise, by issuing receiving calibration signals from the exciter and leading 

35 signals through he calibration network to couplers adjacent selected dipole elements, 
and return through T/R module and the transmit / receive network, variations in the 



PCT/SE02/01522 

WO 03/021287 

4 

transmit / receive network and associated components can be anaiysed. One drawback 
with the above system is that an initial calibration, using external measurement equ.p- 
ment, seems to be required before Operation calibrations can be carried out. 

5 US-5874915 shows an AEW phased array system having a plurality of selector switches 
for coupling a respective low noise receive amplifier or transmit amplifier to one of three 
antenna elements in a respective column of the antenna array. 



10 Summary of t he invention 

» Is a frrst object of the present invents to eet (or* an antenna system, which allows 
vacation of error free operation white the system operates o, in M connect™ w*h 
operation. 
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This object has been accomplished by the subject matters of the antenna system claim 



1. 

,t is a second object of the invention to set forth an antenna system in which calibration 
20 nets or branches through a calibration net can be compared. 

This object has been accomplished by the subject matter of claim 2 and further by daim 
3 and 4. 

25 | is a IM object of the Mention to achieve a cam-ration netwo* structure that can be 
cost effectively produced. 

This object has been achieved by the claim 7. 

30 It is a fourth object of the invention to enab.e the drifts in panels caused by e.g. hot or 
cool spots to be detected. 

This object has been accomplished by claim 9. 

35 It is afifth object to accomplish extensive calibration possibilities h an antenna system of 
less extensive complexity with a reduced number of components. 



10 



15 



WO 03/021287 PCT/SE02/01522 



This object has been accomplished by the subject matter of claim 10. 
It is a further object to detect drift in a calibration net for an antenna system. 
This object has been accomplished by claim 11. 
It is another object to establish which calibration net is drifting. 
This object has been accomplished by claim 12. 
It is a still further object to calibrate a calibration network. 
This object has been accomplished by claim 13 

Further advantages will appear from the following detailed description of the invention. 
Rriaf Hftsftri ption of th e drawings 

Fig. 1 shows a known phased array antenna system comprising a calibration network, 

Fig. 2 shows a phased array antenna system according to a first embodiment of the 
invention, 

Fig. 3 shows a transmit and receive module according to a first embodiment of the 
invention, 

Fig. 4 shows the antenna system according to a first embodiment of the invention, 
comprising phased array antenna panels as seen from above, 

30 

Fig. 5 is a schematic illustration of arranging calibration nets of a phased array an- 
tenna panel, 

Fig. 6 is a schematic illustration of a second embodiment of arranging a calibration net 
35 of a phased array antenna panel according to the invention, 
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Fig. 7 is a schematic illustration of a third embodiment of arranging a calibration net of 
a phased array antenna panel according to the invention, 

Fig. 8 shows a first step of a preferred calibration routine according to the invention, 

Fig. 9 shows a second step of a preferred calibration routine according to the inven- 
tion, , 

Fig. 10 shows a third step of a preferred calibration routine according to the invention, 

Fig. 1 1 shows a second embodiment of a phased array antenna system according to 
the invention, 



Fig. 12 showsathirdembodimentofaphasedarrayantennasystemaccordingtothe 
15 invention, and 

Fig 13 shows an embodiment of a transceive and receive module according to the 
third embodiment of the antenna system according to the invention. 



20 



Detaited Horrid of prefnrrnrt omhonimpnts of the invention 



,n figure 2,aflrst preferred embodiment of an antenna system according to the invention 
nas been show, The system comprises a main unit MU comprising, an exciter / receiver 
25 unit ERU, a beamforming unit BFU, a calibration unit CU, a plurality of antenna ele- 
ments (D) a feed and receive transmission network, R, connecting the exciter / receiver 
unit and a plurality of T/R modules, TRM1- TRMk, antenna feed branches AF1 - AFn, 
connecting T/R modules and antenna elements. 

30 Each respective T/R module has a plurality of ports P1 -Pn, whereby each port leads to 
an antenna element D1 11 - Dnhv. 

A plurality of couplers Q1 1 1 - Qnhv is provided, such that for each antenna element D 
there is preferably arranged a coupler Q adjacent an antenna element. As appears from 
35 thef ig ure,forinstancecoup.erQ211 is arranged next to the antenna element Mil. 
Preferably, the respective coupler is arranged close to the antenna e.ement and adja- 



PCT/SE02/01522 

WO 03/021287 7 

are provided. « - d and each caifcrafion ne^orK cooptos * a s b*< * 
riolers Q111 -Qnhv. Each calibration net branches off from a port. XI -X,. on the 

Lbln or* CU Th.-P-.-W- — «^*"V~ 
lr Bv^ofexampte.ffe^namiasuerto.portXIofCU.mea^nal. aadto 

ilnLortrCt a nd.ocoup te rsQ.11.Qt12,Qn12.Qthvandooup te d to re- 
, s^, cportPt o f T R M, W «,beban Sfe r re d,oco^rQ111.ca„br,«,onne M orKC1 
and port X1 of calibration unit CU. 

Advantaoeousty the coupler are formed aa strips arranged at a point adjacent a gwen 
nCand cjoee . -he anfcnna element In gue*v However, the coupiers may 
. ZZZU ccnecfed over a surtab* impeded or waveg.de » fire emenna 

^CoreswHt a numbe, o, brands. However, otherg* azures and non-branched 
20 structures are also possible. 

3. a T/R module acceding tothemverrtion ha. been she*. TheT/R moduteTRM 

ZL, ne^ortt (Cl-Ci, end ft. —on netwodr, R. accord to surtable con- 
25 trolfromtremainunrtMUoverthedatabirsXD. 

The T/R module comprises a phase sh« and afienuafion modufe, PSAM. a power am- 
Z module, RAM. e log, bfcs board, LBB. a *w noise amplifier, LNA, a^a ^ 
mod* SM TheWcbiaaboard.aB,cont ro letheindividualfUnc*or«mtheabove 

XL-e conbolled acconiing to a de*ed dire** partem in a convent^, fesb.o, 

I bgie bias boa*, LBB, moreover oonbois ft. switch modu*, SM, to aeie* 
Ooen^nalstoorf^theXRporto.^eERUtooneo.me^ousportsPttoPnrn 

a manner, which shall be explained later. 



35 



PCT/SE02/01522 

WO 03/021287 g 

,„ transmit mode, the antenna system controls the beam forming in a conventional way. 
A H» sig^l b emlrted on th. —» ^orK R. This s*nal * r~w- « 

.oreaoh cnnechon (, - n). I. N>u. signal is processed MM . «**« 
Ida propen teS .or oetainingmedesimd beamfc™. Forthia putpose, oo^spo^ng 

and attenuation module, PSAM, and the power amplifier module, PAM. 

,„ recerve mode, the antenna system accomplishes the required focussing in a conven- 
SZl conaotling the phase and amplifcde of mcoming .gnals from low «. 

Jt from the logic bias board LBB to control the phase end attenuate module, PSAM. 

, ,„ ft, 4 a preferred embodiment of an antenna system acceding to me invent has 

pointing out radially with an angle of 120' between each nomral for the ™*«*"*"\ 
ZZm***** The panels r«e me s»e number o, antenna elern^s end 
ZZZ, but no, necessant, Unheal. As appears horn me me pane^ 

ever small it ma, he - from me panels and further on to mam un,t. HU The antenna 
UTS - ^ pane, can a*o be arranged m groups, whi* for instance are pra- 
disposed in given directions. 

KgLorlsserved oneatatt™. by operadng me sw*ches SM ,n each TRM modute 
synchronously and selecting a given port number. 
» Hence eachT/Rmodulesen,esalimroepanelsthroughponsP1-P3(n=3)inase- 

™ moduto se^es a partfcula, port number. Thereby, me antenna ,s 
beaming into each sector according to the desired beam pattern. 

35 ,„ base staSon aprons, .he sectors may be illuminated sequentially wHh a hxed pe- 
JZHTJ, Torder. For omer appKcatfcns eu* as radar, me penele may be served 
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Lin sector. M h serving a pW. se«or longer then average to *« 

choice of an operator. 

„ appears comparing .ha above antenna w«h a foil permanent coverage, tnat the num- 
JUTm modules, me feed and recede netwo* comple*., and ta excrter rec^r 
unit processing power requirement are cut by two thirds. 

h the above example, three paneis are ufflised. However, the inven»ve concept ma, (us. 

a Jl. Janfcnna I— i can be mounted barbae*, «*h proffer — 
dimensions of the calibration and antenna feed networks. 

Advantageous embodimsnts combining aspects of the M end sec** entbodiments 
. ^nowbedea^.^.S-Terasoharaafc-^so.h^coup.rab^ng^to 

p^ calibraaon ners, C1 - Ci. are disputed over an antenna pane,. These pane, 
I, be p,na rectangular p»rets ha*g antenna events Dnhv, where r ^denote 
Jpane, number C-At -A3,,hoou,ddan<,e*ehoh, OTB lpos*onofa W ^™ 
elementonagiven panel numba, and v OT u« denote ^evenrcalpos*™, of «,e antenna 
20 element on a given panel number. 

LL o*e as *own in % 2 - 4. TNee ca«braaon networks are provrde* he.ce -3 » 
flg ure2end three panels are previded.n=3. The caBbrabon networks are ormed as 
35 operate nets (C1, C2..CJ) notbeing connected to one another, each net bang con- 
^JreUwspo n ( X 1.X2...X,,onareca,,r*nunK(OU,. & chca,,bra^ 

^ne^rsaran^edJacenta^etan^of^ean^an^P^ 

atated above, the calibration nets (C1 - CD Wependen. with a mmrmum of mutual 
„ rZAd^geously.Uteca^lonnsts ( C1 -CO are no, duplicates, n order.0 
prevent the same error characteristics over temperature from occumng. 

According to a second embodiments arranging the calibration nets, having the basic 
Inne as shown In ffc. 2 - 4, four differen. ca.bca.on nebwodts, H. have been prowded. 
. 1 antenna pane, have been shown h «,. 6, in wH* .he rxruptere o «hs , respe^e 
ca„bra. to nne I sC1,C2,C 3 andC4are m apped to o»an.annae te men to ,Dhv.„h,ch 
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arranged in a two dimensional plane at respective horizon*! and vertical looationa. Hera, 
^ r lpl«con^ng to ce,ibrati OT n rt 02 te ^^«^™^ 
D11 012 D 21,andD22ofapa rt tolatantennapanel.Co U ple re connectedloaoal,bra- 

«on ne. C1 is arranged adjacent antenna elements DM. Ml. D32 and Ml. It appears 
from the Agora that calibration net C3 Is assodated with the four lower left antenna ele- 
marts and C4 is associated with the foor lower right antenna elements. As In the exam- 
plas above, In total, for instance three panels may ha arranged, whereby the four calr- 
bration nete above, C1 - C4 are arranged in the same manner for all three partem as 
shown in fig. 5. Moreover, .ha layout of me couptera may be identical for the three pan- 



10 els. 
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Aa mention above, the caiibrsfion ne* are advantageous., formed as separate™* 
which era isolated hem one another, each calibration ne. being connected to a rer*ec- 
ft. port XI. X2. X3... on the main unit MU. However, some part of to calrbrat , in- 
cou, alao be common and varloue calibration neta cnu U branch on , ram a 
« Mividua, branches ofthe ca.lbra.ten nets c«dd be dteconnacted ^ ™ 
various calibration nate could also bran* of, horn a n*e. Genet* t » desired "rat 
hdividual branches can be exposed to calibrafion sfcrarls sud, M a«erna«ve perns 
through the calibration net or alternative calibration nets can be compared. 

A .him embodiment for arranghg me ca»bra«on nate having me bade oudine as shown 
in fig 2 - 4 is shown in fig. 7. This embodimen. is similar to me fig. 6 embodrmem, but 
thacouptera of the particular calibrafion nets are disputed over me antenna pane.,n 
such a marater M no .wo couptara of ore same caKbrafion ne. te arranged adjacent one 
25 another. 

For toe above three embodimente. I. should be understood that in most pradical drcum- 
srances fits number of antenna elemente would be much larger, for instance thousands 
of antenna elements per panel. 

30 The figure 5 embodiment above has the advantage that It requires a simple calibration 
feed microwave transmission layout. 

The figura 7 embodiment has the advantage that dimensiona. changea rotated to local 
35 areas of a given panel can be detected according to the caMon roufines accorarng to 
theirwemion.aaaMlbeexp^edln^ton^g.Thisfeperfcuterad^ntegeouefor 
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and coo, spots. These phenomena .yplca»y occur, for eir coded a,r borne radar*. 

A M calibration rcuW of the tovendon shal, now be expired vrth referee to figures 
M Id 10. M rc^ne could r**. .0 an, * *e embodiments descubed «* reladon 
to figures 2-6, described above. 

r^AsJiiadanv^via.h.coup^rQIIIasaoda.ed^an.eonae^n.DIl 
, xte^ns^^h^an^^AFIII by ope** ft. swdch 
,0 PI in TRM1.AH other ports of all other TM modules are closed. 
Thea^a^nand^d^^^^^^^Thlav^m. 
pared wKh M values CS,„ R „ derived for Instancefrom a reference measuremen t «- 
, Cine, calibrate appandus. Tne resu* o, ,he compare. .111 , ooneapon* .* 
the adenuadon and phasedefc, dances a,a g ,en dm. , ~ 
vaiues in T/R moduie 1. antenna feed AF1 1 1 and the conespondtng branch tn recede 
and transmit network R. 
20 These.ofvaluesA111 is ste^ for bein 9 able to compensate the am P l«ude and phase 
from or ,0 the ex*r »td re ceK« module for accompli the d,,e*ona 
ateenng capable of the antenna system. This conesponds te «. cc— I * 
bration of the steerable antenna system. 

D21 1 is lead through port P2 of TRM1 and propagated on the transm.ss.on network R 
into port XR and a delay CS 2 ,ir is measured. 

, i A pn Thp result A211. as above, corresponds 
nn r<5„, 0 is compared with a fixed value CS^im* 1 ne resuix, 

'ot aTln and phase delav In m modute 1 . ft. -tenna tad AF2 and Ute cor- 
responding branch in receive and transmit network R. 

Besideserrorsin the port 
35 A F2,theresu.tsfromthetwomeasurementsA111 and A211 should be of the same 
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-Li*..********— and2hasbeen detected <ora 
drift in AF1 or AF2). 

Hence, it can be established whetherthe system is functioning correctly or not. 

5 Subsequently a new calibration signa. is emitted on port X2 and transferred on net C2 
s^ 

laTtlgn port P2 of TRMk and propagated on tte transmission networK R ,nto port 
XR and a delay OSa* is measured. 
" CS ^iaconpared^af^.a.a.CS^.The.eaga^aaabow.cones^ 

corresponding bran* in receive and transmit network R 
,5 This routine is repeated for al, antenna elements and all caption nets. 

^en-oandasituauon issuing where two measuremente agree, the thrremeas 
urement and corresponding captation net is most probably dnftmg. 

M Hence apart from estebiishing whether thesystem is fundion*g correctly o, -n*M- 
"aTcase » can moreover be estebiished in which calibraaon net there ,s a nft Moreo- 
TZme oalibradon ne, can be caltorated by appropriate adjustment of the ^ 
ample and phase se«r*s for me ,ndfc M ua, 1* modufcs, a. conned over the da- 

25 tabus XD of the excite and receive unit, ERU. 

Henc* not only ate are IN modutes and antenna feed examined with regard to drift, 
He JL note are subject to an examined for ddft. Thereby the osteons 
captation net can be identified and ^responding compensate con be canted «l 
30 " is procedure can be done virtual* while ate systert, operates or causmg only a short 
interruption. 

shllnmisembodmtentanumbero.oouplemCihavebeenprovrdedwft.ohareno. 

35 associated with any antenna element However, respective antenna feed Imes 

wUfinvareptevidadtemOtespeo^ecoupteraCiforeachT/Rmodute. These 
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(^M p.*) or sysfcnts v*lch does no, u«lise M muWexin, between dfleren, sec 
tors, n=2 (TRM ports). 

,„*, ,2 mereoeivenansm^^Wlsrep.acedwimad^l^a^ 
ea* TRM. Appropriate dlgitol signalling are transfer^ over a datobus XD from the 

HT^* rood* bas been *own. As - be understood the cation proper- 
ties explained above also pertains to this embodiment. 
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Patent claims 

r^)!a^^*M^).a^o.an tWra *n» rt s( D ).apMa«y=« 
X/R modules (TRM1- TRMk), 

. feed and receive transmission netwo* <R> connect me exciter / receiver unit 
and antenna feeds (AF) connect*, respecbve T/R modutes and antenna ale- 
ments, 

me bear*™, en. (BFU) centred «- and ampWe of *a* trans- 
mated .hrough a respect T/R modute in concert for accomplishing a desired 
beamform, 

a calfcrabon net c^ec^g me calibrate urn. (CU, and pointe on respe*e an- 
tenna feed branches (AF), whereby 
tte oa»bretone.comp rt sesa^i»yofceiibre«onne«(C1.C2Xi)andeach 
^Iduie c^pdses a swHch <SM> for rt*. between aKematore antenna 
20 fead branches and thereby between alternative calibration nets. 

2. Antenna system according to daim 2. whereby alternate calibration nets <C1 . 
C2...Cj) are compared. 
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3 m^^-^*^*^ - "^TTt™" 

Cj> * coupled to a plurali* of antenna elen^ts <D) by nteans of cuplera or con- 
nections (Q). 

4. Antenna system according to claim 3, whereby each ccpler (Q) is coupled to one 
particular antenna feed (AF). 



35 
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5 Antenna system according to any preceding claim, whereby the antenna elements 
(D) are arranged in groups (A1, A2, A3), such as panels, being predisposed in a 
certain direction in relation to one another. 



5 6. Antenna system according to any preceding claim, whereby each calibration net is 
separate or at least may be disconnected from one another. 



10 7. Antenna system according to claim 5, whereby each calibration net (C) serves i 
specific group (A1, A2, A3). 



8. Antenna system according to claim 5, whereby each calibration net (C) serves 
15 various antenna elements (D) on different groups (A1 , A2, A3). 



9 Antenna system according to claim 5, whereby each calibration net (C) serves 
various antenna elements (D) on different groups (A1 , A2, A3) but that no calibra- 
tion net serves adjacent antenna elements on the same panel or group. 



20 



1 0 Antenna system according to claims 2 - 9, whereby at least some calibration net 
(C) branches are arranged with a coupler (Q) coupling to an antenna feed branch 
25 (AF), which is not associated with an antenna element (D). 

1 1 . Method of operating an antenna system comprising the following steps; 

30 - a first calibration signal is output on a first calibration net such that a subset of 

antenna elements receives said signal, 

said first calibration signal is transferred through a first antenna feed (AF) by oper- 
ating a switch in a given T/R module (TRM1) such that the signal is passed 
35 through a first branch in a transmit and receive network (R) to a port (XR), all other 
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switches in other T/M modules being operated such that no other signal is trans- 
ferred through the transmit and receive network to the same port (XR), 

the attenuation and / or phase delay (CS1 1 1 R) of the first calibration signal is 
i measured and is stored as a first result (A1 11), 

- a second calibration signal is output on a second calibration net such that a sub- 
set of antenna elements receives said signal, 

said second calibration signal is transferred through a second antenna feed (AF) 
by operating a switch (SM) in the same T/R module (TRM1) such that the second 
calibration signal is passed through the same first branch in a transmit and receive 
network (R) to a port (XR), all other switches in other T/M modules being operated 
such that no other signal is transferred through the transmit and receive network to 
15 the same port (XR), 

the attenuation and / or phase delay (CS211R) of the second calibration signal is 
measured and is stored as a second result (A21 1), 

20 - if the two results (A1 11 and A21 1 ) are of different size, establishing a drift in at 

least one of the first and second calibration nets (C) has occurred. 



10 



12. Method for operating an antenna system comprising the following steps, subse- 
25 quent to the steps in claim 1 1 , 

- a third calibration signal is output on a third calibration net such that a subset of 
antenna elements receive said signal, 



30 



said third calibration signal is transferred through a third antenna feed (AF) by op- 
erating a switch (SM) in the same T/R module (TRM1) such that the third calibra- 
tion signal is passed through the same first branch in a transmit and recerve net- 
work (R) to a port (XR), all other switches in other T/M modules being operated 
such that no other signal is transferred through the transmit and receive network to 
the same port (XR), 
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the attenuation and / or phase delay (CS311R) of the third calibration signal is 
measured and stored as a third result (A311), 

- if two results trough the same TVR module corresponds to one another while a 
third result trough the same T/R module differs from the other, establishing that 
drift in the latter calibration net has occurred. 



1 3. Method according to claim 1 1 or 1 2, whereby at least the first, second or third re- 
sult (A1 1 1 . A21 1 , A3 1 1 ) are stored for compensating the amplitude and /or phase 
of signals from or to the exciter and receiver module for accomplishing the desired 
directional steering capabilities of the antenna system. 



15 14. Method of operating an antenna system comprising the following steps, subse- 
quent to the steps in claim 12, 

the drifting calibration net is calibrated according to the calibration nets that yield 
corresponding results. 

20 

1 5. Method of operating an antenna system comprising the following steps, subse- 
quent to the steps in claim 1 1 , 12 or 13, 



25 



the method is repeated for all antenna elements and all calibration nets. 
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